Introduction
Basal stem rot of oil palm is a disease that has been found in almost all countries where oil palm is grown (Turner, 1981) . The major causal agent of this disease has been found to be Ganoderma boninense Pat. in both Malaysia and Papua New Guinea but several species have been associated with the disease in other countries (Turner, 1981) .
Ganoderma species occur throughout the world in both temperate and tropical regions. They may be saprophytic, decomposing lignin of dead wood, or pathogenic on living trees. Several species of this genus are responsible for root and butt rots in tea (Varghese and Chew, 1973) , rubber (Lim, 1977) , temperate hardwoods (Ross, 1976 ; van der Kamp et al., 1979) , coconut and betelnut palms (Reddy and Ananthanarayanan, 1984; Singh, 1985) and other tropical forest trees (Bakshi et al., 1976; Harsh et al., 1993; Masuka and Nyoka, 1995) .
In Papua New Guinea, where basal stem rot caused by G. boninense is the major disease, more effective control measures are required to limit the spread of this pathogen within oil-palm plantations. Miller et al. (1995) used vegetative compatibility, biochemical and molecular techniques to characterize isolates from Malaysia, and showed that root-to-root spread appears to be of limited occurrence. A later study by Ariffin et al. (1996) confirmed the findings of Miller et al. (1995) and concluded that spread of the pathogen by means other than vegetative was likely. The work presented here is part of a study to determine the basis for the variability in Ganoderma species that occur in association with oil palm in Papua New Guinea. Molecular methods are being developed to study pathogen populations to clarify the role of the sexual cycle in the epidemiology of basal stem rot. Random amplified polymorphic DNA (RAPD) analysis was selected to investigate variation amongst monokaryons prior to population studies on dikaryons. Other markers targeting more conserved regions of the fungal genome were also investigated, including the mitochondrial small and large subunits of the ribosomal gene (rDNA) and the internal transcribed spacer (ITS) and intergenic spacer (IGS) regions, the latter having the potential to reveal inter-species differences. These molecular markers will be used to analyse and determine the nature of Ganoderma populations on oil palm and may be applied in other cropping systems where the fungus is a pathogen.
Experimental Isolations
Monokaryotic cultures were obtained by germinating basidiospores of G. boninense on water agar with subsequent transfer to potato dextrose agar (PDA). Dikaryotic cultures were isolated from the context of fresh basidioma growing on oil palm and on dead wood. All cultures were maintained on PDA at 30°C.
For DNA extraction, cultures were grown in glucose (10 g l −1 ), yeast extract (20 g l −1 ) medium for 7-10 days and then harvested by filtration. Mycelium was lyophilized and ground in a mortar and pestle.
Extraction of DNA
DNA extraction was carried out using a slight modification of the method of Raeder and Broder (1985) .
Polymerase chain reaction (PCR)
PCR was used to amplify DNA from the large and small mitochondrial ribosomal RNA subunits and the nuclear rRNA internally transcribed, and intergenic spacers. RAPD amplification was undertaken with Operon series A primers. Primers and PCR conditions are given in Table 15 .1. PCR was carried out on a programmable thermocycler (MJ Research). Programmes were as follows. RAPDs: initial denaturation, 5 min at 94°C then 1 min at 94°C, followed by annealing of 1 min at 35°C and extension of 2 min at 72°C for 39 cycles, with a final extension step of 5 min at 72°C. Mitochondrial DNA (mtDNA) and ITS amplifications followed the same programme, except that the annealing temperature was 50°C for a duration of 45 s.
Bulk mixtures of reagents containing reaction buffer, 1-2.5 mM MgCl 2 , 100 µm deoxyribonucleotide triphosphates, 100 µm primer and 0.5 units Taq DNA polymerase were made and 24 µl aliquots plus 1 µl template DNA (approximately 10-20 ng) were subjected to PCR.
Results

Comparison of sibling monokaryons using RAPDs
Twenty operon RAPD primers were screened. Fifteen of these gave amplification products and five generated a sufficient number of fragments showing polymorphisms amongst sibling monokaryons. These were OPA-02, OPA-15, show examples of fingerprints for monokaryons from different basidioma.
Numerical analysis of the collected band patterns obtained for each basidioma showed that band patterns were specific to individual single spore cultures, and that no two single cultures gave identical patterns (Figs 15.5-15.7). The similarities derived from Jaccard's coefficient are underestimated and intended only as a guide to the range of variation within families. Clearly, each sibling monokaryon appears to have a unique RAPD genotype from the isolates studied so far.
MtDNA
PCR of sibling monokaryons of G. boninense with the primer combination MS1/MS2 to amplify the mitochondrial small subunit gave two products of approximately 600 bp and 1790 bp. Monokaryotic isolates of Ganoderma sp. gave a single amplification product of about 600 bp (Fig. 15.8 Park et al. (1996) ITS, internal transcribed spacer; IGS, intergenic spacer; RADP, random amplified polymorphic DNA. Dikaryotic isolates of G. boninense also gave an additional amplification product at about 1790 bp, and in some samples this was the only fragment produced (Fig. 15.9 ). Repeated amplifications with duplicate samples gave the same result.
Intra-and interspecific length variation was not observed for the mitochondrial large subunit although some isolates yielded a single amplification product of 2030 bp, in length. Amongst monokaryons from both species, only the expected fragment of approximately 800 bp was amplified.
ITS and IGS DNA
Primers BMB-CR and LR gave an amplification product of approximately 800 bp incorporating the entire ITS1 and ITS2 region, and this was consistent both within and between species, although some additional amplification products were observed for a few isolates (Fig. 15.10) . The IGS region also appeared highly conserved amongst species. Total length, including intervening sequences, was approximately 1000 bp for all samples, regardless of host origin. Digestion of the amplified fragments from both ITS and IGS regions with the restriction enzymes Sau3A and Cfo1 gave identical fragments irrespective of species or host (data not shown). 
Discussion
Genetic variation has been observed amongst sibling monokaryons of Ganoderma boninense. This is the first report on the use of RAPDs to differentiate haploid isolates of G. boninense and clearly demonstrates the importance of sexual reproduction in maintaining genetic diversity in this fungus. These results also emphasize the need for caution when using RAPD fingerprints of dikaryons to infer relationships amongst isolates in population studies, given the variation within single spore isolates. There were no significant intra-or interspecies differences in the amplification products from the mitochondrial large subunit of the rDNA gene amongst monokaryons of Ganoderma sp. In contrast, an unexpected product of about 2030 bp was generated (in addition to the 800 bp fragment) when the mitochondrial large subunit was amplified in some monokaryons and dikaryons of G. boninense. White et al. (1990) noted that some species of Suillus (basidiomycetes) contained an intron in a portion of the mitochondrial LrRNA gene giving rise to fragments of 1700 and 2000 bp. However, for the G. boninense isolates, a similar product was also obtained when the mitochondrial small subunit was amplified. In this case the larger fragment was 1790 bp and in some samples (129, 130) this was the only PCR product. In the samples that showed two products, there appear to be competing reactions, as both fragments are inefficiently amplified. Control samples did not produce the 1790 bp fragment, so it is unlikely to be a contaminant but could possibly be a homologous nuclear DNA sequence. It may or may not be of significance that the isolates that produced the additional fragment were all G. boninense that originated from live oil palm or coconut. Isolates of Ganoderma sp. did not yield other than the expected product. When DNA from dikaryons of both species were amplified, minor length differences were apparent for the mitochondrial small subunit within Ganoderma sp. but not G. boninense. Given these results, PCR amplification of the mitochondrial small and large subunits of rDNA may be of limited use for both intraspecific and interspecies comparisons. These amplification products are, however, only a small part of the ribosomal DNA and it is expected that comparison of isolates using these products as probes to detect RFLPs in mtDNA sequences will be more informative. Further work using the mitochondrial small subunit fragments is being undertaken to assess mtDNA variation within Ganoderma boninense.
The ITS region was considered a potentially useful marker for interspecies differences within Ganoderma; however, length differences between species have not been apparent. The ITS1/ITS2 region is expected to be around 400 bp for Ganoderma, using the given primers (Moncalvo et al., 1995) . When the PCR products were digested with certain restriction enzymes, digestion products were monomorphic. However, small sequence differences are found amongst species from several geographical locations, as shown by Moncalvo et al. (1995) . Park et al. (1996) were able to differentiate Ganoderma species by amplification and digestion of the IGS region with various restriction enzymes. When the IGS region of the PNG isolates was subjected to PCR, the total length of the amplified fragment was approximately 1000 bp. Digestions confirmed the homology (at restriction sites) of the amplification product amongst isolates, although it is likely that small sequence differences are present. From the foregoing, ribosomal DNA appears to be highly conserved within the Ganoderma species studied, and the regions selected for PCR amplification so far do not provide a useful and rapid means of detecting interspecific variation. Consequently, other methods are being investigated to study the Ganoderma populations associated with oil palm in Papua New Guinea.
Conclusion
Intraspecific variation amongst closely related isolates of G. boninense has been found to be high. This variability, as revealed by PCR RAPDs, is indicative of an outbreeding population, although the number of isolates tested so far is small. In contrast, variation in the ITS and IGS regions between species is low and sequencing of these regions will be necessary for interspecies comparisons. The mitochondrial fragments generated by PCR are not useful, on their own, for interspecies comparisons.
